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We describe a unique new approach to analytical spectroscopy, which makes use of a silicon-target vidicon tube to rapidly and repetitively scan ultraviolet and visible spectra. We discuss the concept and characteristics of the vidicon spectrometer and illustrate its application to simultaneous determinationof sodium and potassium
In serum by flame photometry. Average values of coefficients of variation for sodium and potassium are 1. 1 % and 1.7%, respectIvely. Recoveries of sodium and patasslum added to sara were 99.5 % and 99.8 % , respectively. When the same burner and flame conditions were used with the vidicon spectrometer and a conventional flame photometer, deviations among results were well within ±3 mmol/liter for sodium and 0.2 mmoi/liter for potassium. A bias is observed for both elements when results obtained with an air-hydrogen flame are compared with results obtained with an air-propane flame. Our data illustrate that the vidicon spectrometer is a viable tool for both routine applications and basic studies of effects of flame conditions on two or more elements simultaneously. (1 ), we believe it is important that clinical chemists be fully informed of new instrumental developments in this area. In a recent paper (2), we described a unique new approach to optical spectroscopy that makes use of a vidicon tube (television camera) to monitor mu!-tiple wavelengths from an absorbing or emitting sample simultaneously.
In our early work we used a tube with an antimony sulfide surface, which demonstrated the feasibility of the approach but gave nonlinear response. A more recent paper (3 ) describes a Department of Chemistry, Purdue University, West Lafayette, md. 47907. 1 Present address: Department of Chemistry, State University of New York at Buffalo, Buffalo, N. Y. 2 Author to whom inquiries should be addressed.
Received May 19, 174; accepted Aug. 8, 1974. versatile spectrometer design in which a silicon target vidicon is used to obtain a response that is linearly related to intensity. Here, we discuss the principles of the approach and describe its application to an im- We have described applications of the instrument system for fundamental kinetic studies and for flame photometric analysis of mixtures of sodium, potassium, lithium, and calcium in synthetic aqueous samples (3). Other authors have described application of a less versatile commercial instrument for atomic absorption (4 ) and flame emission (5 ) analyses.
In the present work we have examined the applicability of the system for the simultaneous determination of sodium and potassium in blood serum. Coefficients of variation average 1.1% ('-'1.5 mmol/liter) for sodium and 1.7% (-' Figure   1 depicts simplified representations of a conventional spectrometer, the vidicon spectrometer, and a vidicon tube. In a conventional spectrometer ( Figure 1A ), radiant energy from the flame passes through an entrance slit, S1, to dispersion optics where it is separated into its wavelength components and focused on the exit slit, S2.
Materials and Methods

Instrumentation
The exit slit blocks all but a narrow band of wavelengths (which we shall call a "resolution element") from the detector. The amplifier output represents the intensity at only one resolution element, X, for any given setting of the dispersion optics. In our vidicon spectrometer, the exit slit is removed and the vidicon tube is located with its active surface in the focal plane normally occupied by the exit slit, so that different wavelengths are focused at different points along the horizontal axis of the tube. The vertical image of the entrance slit is reproduced along the vertical axis of the detector surface, so that several detectors along the vertical axis are illuminated by the same wavelength. The scanning circuitry is so designed that the readout at any wavelength is the average of several detectors along the vertical axis. Figure 1C represents a cutaway view of a vidicon tube, as well as a projection of the active surface. Because the active surface is a two-dimensional array of by an electron beam that can be moved in two dimensions across the face of the tube by the application of suitable waveforms to horizontal and vertical deflection coils. When the electron beam impinges on a diode that has been exposed to radiant energy, an electrical signal proportional to light intensity is passed to the amplifier so that the amplifier response is proportional to intensity.
In our system, the amplifier output is monitored on-line by a digital computer. the heavy lines on the projection of the tube face in Figure 1C . The speed of the detection circuitry is sufficiently slow to produce a time average of the signal along the vertical axis, but fast enough to respond efficiently to changes along the horizontal axis, which is scanned more slowly. The net result is that the output signal at any point along the horizontal axis represents the time average of the responses of all diodes interrogated by the electron beam along the vertical axis.
In our early work with this system we used a storage oscilloscope as the readout device for the signal (2 ) Figure 1A , the resolution would be determined by the slit width, and for a typical slit width of 100 m (0.1 mm) the resolution would be 27 nm/mm x 0.1 mm, or 2.7 nm. In the vidicon system, the resolution is determined by the dispersion of the monochromator and the smallest distance resolved along the horizontal axis of the vidicon tube. In this work we collected 256 data points along a 21-mm length of the vidicon tube corresponding to a spatial resolution of 21 mm/256 points, or 0.082 mm, and a wavelength resolution of 0.082 mm X 27 nm/mm, or 2.2 nm.
Clearly, the resolution could be improved by the use of a monochromator with higher dispersion or by taking more data points along the wavelength axis, or both. The ultimate limit would be governed by the minimum number of detectors that can be interrogated at any one time. It should be noted that the vidicon can not further improve the resolution provided by the monochromator.
Because the emission lines of the alkali metals are rather widely separated, resolution was not a problem. We elected to decrease the resolution by opening the entrance slit to 1.2 mm, thereby increasing the light going through.
Unless otherwise noted, this wider slit width was used throughout this work. The spectral range covered by a scan is determined 
Results and Discussion
All data reported in this paper were collected and processed by an on-line computer.
The spectra reported here are photographs of spectral data contamed in computer memory. Figure 2A represents the spectrum of a serum sample to which lithium and cesium were added in the dilution step. This spectrum illustrates the feasibility of determining both sodium and potassium with either lithium or cesium used as an internal standard. We have used both Li and Cs as internal standards at different stages of this work. We obtained the best reproducibility by dividing the sodium and potassium peak areas or peak heights by the internal standard peak area or peak height.
Measurement Options
One of the attractive features of the vidicon spectrometer is that it permits repetitive spectra to be averaged, thus reducing the random component of the Either peak height or peak areas can be related to chemical content of the sample. We felt that measurements of peak area could further reduce the random component of the measurement error. Figure 3 shows how the random error for both peak area and peak height measurements changes with signal amplitude. While the error for both types of measure- in Table 1 In the remainder of this paper we shall be presenting analytical data obtained with the vidicon spectrometer and commercial flame spectrometers, and in most cases we shall include regression equations to relate different data sets. We urge the reader to keep two points in mind when interpreting these data. First, despite the fact that both ordinate (y ) and abscissa (x ) data involve errors of similar magnitude, we have used standard regression equations, which assume that all of the error is in the ordinate data (8) . Second, in most cases the data are bunched together in a narrow range at a significant distance from the origin, and therefore slope and intercept values are likely to be misleading. We use one set of data to illustrate this point. It should be pointed out that regression equations for the two data sets differ somewhat. However, these differences, especially the intercepts, must be interpreted cautiously because of the narrow range of the data and their distances from the origins. The large intercept of the sodium plot results from the fact that the sodium concentration is high enough to exhibit significant self-absorption, causing the curve to bend toward the concentration axis (9) . It should be emphasized that this is not a property of the vidicon detector but rather of the flame system. data obtained with and without cesium as internal standard.
It should be noted that all samples contamed cesium and the only difference is the manner in which concentration values were computed. The regression equations and lines suggest rather small differences between the two data sets for both sodiurn and potassium. All data reported from this point on were calculated with cesium as internal standard.
Peak height
vs. peak area. We discussed earlier the possibility and potential merits of computing concentration results from either peak areas or peak heights.
Figures 6A and 6B compare data computed 
Recovery experiments
were performed by adding 40 rnmol/liter sodium and 2.0 rnmol/liter potassium to serum samples. Results of the experiments are presented in Figure 8 . Average recoveries for sodium and potassium were 99.5% and 99.8%, respectively.
Only one result is more than 3% away from 100% recovery.
Vidicon tions, and the resulting empirical nature of existing methods, it is difficult to document the accuracy of any flame method. However, we do wish to relate results obtained by us with this instrument to results obtained in a clinical laboratory with an IL 143 flame photometer.
To do this, we ran a few control sera and numerous patient sera over a period of several months with the Beckman burner and an air-hydrogen flame. Our results with this flame were high by an average of about 3.5% (5 mmol/liter) for sodium and about 5.5% (0.24 mmol/liter) for potassium as compared to reported values. Because of the consistency of the difference, it appeared that "correction factors" based on a pool of serum data could be used to correlate the two data sets. We computed such ple and aqueous standards were real for both elements but were greater for potassium than for sodiurn. This is not too surprising, because potassium is ter. However, the results are not completely satisfactory and we conclude that a more extensivestudy is required to establish reasons for the deviations and to obtain agreement between the two burner-fuel combinations.
Our primary goal in this study was to evaluate the capabilities of the vidicon spectrometer independent of other experimental variables such as flame conditions. Therefore, we obtained temporary access to an IL 143 flame photometer and ran several samples more readily ionized in the flame than sodium (9, 10 
